Objective: To identify the unmet needs for HIV prevention among older adults in rural South Africa.
INTRODUCTION
Older adults have received relatively little attention in the context of HIV prevention research and interventions. [1] [2] [3] [4] Mathematical models and growing empirical evidence suggest that older adults make up a fast-increasing proportion of people living with HIV because of the impacts of largescale HIV treatment on HIV mortality. [5] [6] [7] [8] [9] It is likely that the future of the HIV response will be determined to a large extent by our ability to design HIV interventions that are targeted at and appropriate for older adults. However, the evidence on sexual HIV transmission and acquisition risks in older adults remains scarce, in particular in sub-Saharan Africa where most of the worldwide 37 million HIV-infected people live. [10] [11] [12] [13] [14] [15] In fact, HIV prevention policy and funding are largely focused on younger adults: most HIV prevention interventions have been developed and designed to fit the specific needs of this age group, and very few prevention interventions specifically targeted at older adults are available worldwide. 16 With this study in rural South Africa, we aim to contribute to filling this persistent knowledge gap.
Risky sexual activity places an HIV-negative individual at higher risk of acquiring HIV infection from an infected partner, whereas risky sexual activity by an HIV-positive individual places them at higher risk of transmitting HIV to an uninfected partner. Evaluating both the potential for HIV acquisition and the potential for HIV transmission in HIVvulnerable populations is important because the intervention toolbox to prevent HIV acquisition is only partially overlapping with the intervention toolbox to prevent HIV transmission. As a biomedical example, antiretroviral therapy is an important approach to prevent HIV transmission, 17 whereas preexposure prophylaxis is used to prevent HIV acquisition. 18 As observed in younger adults, sexual behavior patterns in older adults likely differ by HIV status, and documenting these differences will help provide insight into the potential drivers of the sexual transmission and acquisition of HIV in this age range. Certain sexual behaviors, like unprotected sex and multiple partnerships, clearly increase the risk of acquiring HIV, [19] [20] [21] and are likely to be observed more frequently in HIV-positive compared to HIV-negative populations, but whether or not these behaviors confer the same risk in older adults as in younger adults is underexplored. HIV status and sexual behaviors may also be linked because knowledge of HIV status could promote protective behavior change to avoid transmitting HIV to partners or to maintain HIV-negative status. Again, this relationship is observed in younger adults, 22, 23 but is not yet explored in older adults.
In this article, we aim to add to the emerging body of literature on HIV risk in older adults. First, we report on the HIV prevalence in a population of men and women aged 40 years and older in rural South Africa. Second, we characterize this cohort with respect to their sexual behaviors. Finally, we compare sexual behavior profiles across HIV status categories, using both self-reported and laboratory-confirmed HIV status data.
METHODS

Study Population
We analyzed data from the Health and Aging in Africa: Longitudinal Studies of INDEPTH Communities (HAALSI) study. The HAALSI study is a population-based survey that aims to characterize a population of older men and women with respect to health, physical, and cognitive function, aging, and well-being. In 2015, 5059 men and women aged 40 years and older were enrolled in the study, which was carried out in the Agincourt health and socio-demographic surveillance system (AHDSS) in the rural Agincourt subdistrict of Mpumalanga province, South Africa. 24 Extensive survey and laboratory data were collected to assess (1) physical and cognitive functioning, (2) cardiometabolic health, (3) economic well-being, and (4) HIV status and HIV risk. In this study, we analyzed baseline data on HIV prevalence and sexual behaviors. Although most literature on the sexual health of older adults uses 50 years as the lower age cutoff, there is not a clearly established definition of "older age." 25 Our study population of older adults included men and women aged 40 years and older because life expectancy in southern African communities with high HIV prevalence, like our study community, is substantially lower than in most other world regions. 24, [26] [27] [28] 
Data Collection
All variables in this analysis were collected in HAALSI baseline surveys and biological testing. Trained, local fieldworkers collected survey data electronically using a Computer Assisted Personal Interview system. Surveys were conducted in the local Shangaan language, with instruments translated from English and back-translated to ensure reliability. In addition to the survey data, trained fieldworkers also collected blood through finger prick and prepared dried bloodspots from each participant who consented to blood collection.
Key Measures
Laboratory-confirmed HIV status was determined through screening and confirmatory HIV enzyme-linked immunosorbent assays using standard laboratory practices on the prepared dried bloodspots. 29 Participants also self-reported their HIV status in the baseline survey. We defined selfreported HIV status based on participant responses to 2 questions: "Have you ever been tested for HIV? (yes/no)" and "Have you ever tested positive for HIV? (yes/no)." We categorized participants into 3 self-reported HIV status categories: (1) Those who reported testing positive for HIV; (2) Those who reported testing negative for HIV, and (3) Those who reported never testing for HIV, or testing with unknown status. Cross-referencing laboratory-confirmed with self-reported HIV status, we also calculated whether or not HIV-positive participants were aware of their positive status (under the assumption that self-reported data reliably reflected this information 30 ), separating those who self-reported being HIVpositive from those who self-reported being HIV-negative or not knowing their status.
We also present data on sexual activity and key sexual behaviors self-reported by participants at baseline. Participants were asked to report the number of lifetime sex partners and number of recent sex partners (past 24 months). Each participant reporting at least 1 recent partner was asked to report on specific characteristics of up to 3 recent sex partners. We examined whether or not the most recent partner was categorized as casual or anonymous, as opposed to regular. The frequency of condom use with most recent partner was originally elicited with the response categories of "always", "most of the time", "sometimes", and "never", but dichotomized for this analysis into the two categories "at least some of the time" and "never".
Analysis
We calculated the prevalence of key sociodemographic characteristics, HIV status (laboratory-confirmed status, selfreported status, and laboratory-confirmed status broken down by self-reported status), and each sexual behavior. Logbinomial regression models were used to calculate the agespecific and sex-specific prevalence of HIV and recent sexual behaviors (past 24 months) with their associated 95% confidence intervals (CIs).
We also used log-binomial regression models to estimate the prevalence of each recent sexual behavior (past 24 months) within each HIV status category and to assess whether the relative prevalence of certain sexual behaviors differed across the status categories. These analyses were conducted with the intention to separately characterize the potential for HIV acquisition and the potential for HIV transmission, with HIV-negative adults at potential risk for HIV acquisition and HIV-positive adults at potential risk for HIV transmission. Further comparing sexual behavior profiles between HIVpositive adults who were and were not aware of their positive status allowed us to investigate whether the observed patterns were compatible with the hypothesis that sexual behavior may change as a result of status knowledge. To examine whether any observed differences in sexual behavior across HIV status categories were attributable to age and sex composition differences, we used marginal structural binomial regression models to age-and sex-standardize prevalence and prevalence ratio estimates to the age and sex distribution of the overall study population. 31 We coded age in 10-year intervals. All analyses were conducted using SAS statistical software, version 9.4. 32 
RESULTS
Of the 5059 older adults enrolled in the study, 46% were men, 51% were currently married, and 46% had no formal education (Table 1 ). The median age was 61 years with an interquartile range (IQR) between the ages of 52 and 71 years. Compared with men, women were less likely to be married, live alone, report any formal education, and be employed. 
HIV Prevalence and Trends by Age and Sex
Overall, laboratory-confirmed HIV prevalence was high (23%, 95% CI: 22 to 24) and did not differ between men and women. Among those aged 50 years and older, HIV prevalence was 20% (95% CI: 19 to 21). Fewer respondents self-reported being HIV-positive (12% in full sample). About one-third of respondents (36%) reported never having been tested for HIV, and among those with laboratory-confirmed infections, nearly half (49%) selfreported a negative or unknown HIV status. Laboratoryconfirmed HIV prevalence was highest in the youngest age categories (as high as 39% among 40-45-year-olds), and generally decreased with age in both men and women (Fig. 1A) Although the true duration of each HIV infection is unknown, we calculated a crude estimate of the duration of HIV status knowledge by examining the timing of the most recent HIV test. Among those who tested HIV-positive and self-reported being positive, 38% reported their most recent test less than 6 months ago, 21% between 6 months and 1 year ago, and 41% more than 1 year ago.
Prevalence of Sexual Activity and Sexual Behaviors by Sex
Sexual activity and sexual risk behaviors were prevalent in this population (Table 1) . Two-thirds of the population reported multiple lifetime sex partners (67%), and more than half reported at least 1 recent sex partner, defined as within the last 2 years (57%). Among those with at least 1 recent partner, three-quarters reported never using condoms with their most recent partner (75%)
Age Trends in Sexual Activity and Sexual Behaviors by Sex
Men maintained sexual partnerships at relatively high rates across older ages, only dropping to 52% at age 80 and older (Fig. 1B) . However, the proportion of women with recent sex partners decreased more steeply with age, dropping steadily from 78% at age 40-44 years, to 30% at age 60-64 years, to 6% at age 80 years and older. Multiple recent partnerships were represented in small numbers across men of all ages, and only represented in the youngest age categories for women (Fig. 2) . The proportion of those reporting any condom use with their most recent partner decreased with age in both men and women (Fig. 1C) , as did the proportion of recent partnerships categorized as casual or anonymous (Fig.  1D) . However, low levels of casual sex persisted even at high ages with 10% of men 80 years and older and 17% of women 80 years and older reporting this outcome, among those with at least 1 recent partner.
Sexual Behaviors Across HIV Status Categories
The distribution of some sexual behaviors differed between HIV-negative adults, HIV-positive adults aware of their status, and HIV-positive adults unaware of their status (Fig. 3) . Recent sexual partnerships were reported at similar rates across all 3 categories; 57% (95% CI: 55 to 59) of HIVnegative adults, 58% (95% CI: 54 to 62) of HIV-positive adults aware of their status, and 55% (95% CI: 51 to 60) of HIV-positive adults unaware of their status reported recent sex partners. However, among those with at least 1 recent partner, condom use was very low among HIV-negative adults [15% (95% CI: 14 to 17)], higher among HIV-positive adults unaware of their status [27% (95% CI: 22 to 33)], and dramatically higher among HIV-positive adults aware of their status [75% (95% CI: 70 to 80)]. Among those with at least 1 recent partner, casual sex was reported at the lowest level in HIV-negative adults [9% (95% CI: 8 to 10)] with higher levels reported in both HIV-positive categories: among those with status knowledge, casual sex prevalence was 29% 
DISCUSSION
Overall, our results suggest that older adults in rural South Africa are at high risk for both HIV acquisition and HIV transmission. We found that HIV prevalence was high among both men and women, and that many of those who tested HIV-positive were unaware of their status. In contrast to stereotypes that older people are not sexually active, and in FIGURE 3. Sexual behavior profiles by HIV status based on self-report and laboratory testing. Study population is HAALSI participants (men and women aged 40 years and older) in rural South Africa, 2014-2015 (n = 5059). A, Prevalence estimates and 95% CIs were calculated using logbinomial regression models. B, Estimates standardized to the age and sex composition of the full study population were calculated using marginal structural log-binomial models. Condom use, casual sex, and multiple partners outcomes were calculated among those reporting at least 1 sex partner in the past 24 months (n = 2765). The HIV-negative category consists of all participants with HIV-negative laboratory test. The category "HIV-positive with positive self-report" consists of all participants with an HIV-positive laboratory test and HIV-positive self-report. The category "HIVpositive with negative or "DK" self-report" consists of all participants with HIV-positive laboratory test and HIV-negative or "don't know" self-report. line with the few previous studies of sexual behavior in older adults in other settings, [10] [11] [12] [13] 15 this population reported recent sexual partnerships even into very old ages and sexual risk behaviors were reported that are consistent with the sexual transmission of disease-low condom use, casual sex, and multiple recent partnerships. The high rates of risky sexual behavior across HIV status categories points to the potential for older HIV-positive adults to transmit HIV to their sex partners and for older HIV-negative adults to acquire HIV from their sex partners.
Our study is one of the first to report sexual risk-taking among older adults in sub-Saharan Africa. Sexual activity was prevalent in this study population, although women tended to report fewer partners compared with men, and sexual activity tended to decrease with age. Although casual sex and multiple partnerships tended to decrease with age, condom use also became less likely with age. Notably, even in the oldest age categories, sexual activity and sexual risk behaviors were reported at rates implying substantial risk among both men and women. The observed continued sexual activity into older ages, low levels of condom use, and associated trends by sex and age are consistent with the 3 previous studies of older adult sexual behavior in sub-Saharan Africa, from Malawi in 1998-2008, 10 from the same Agincourt study site in 2010-2011, 13 and from Uganda in 2013. 15 Even globally, the evidence base on sex in older adults is scarce. However, the few previous studies on this topic (in the United States 11, 33 and Thailand 34 ) have also shown behavioral trends similar to the ones we observed here.
Important comparisons can also be made between the sexual behavior profiles of older adults and adolescents, a population considered to be at critically high HIV risk. [35] [36] [37] Compared with both a nationally representative sample of South African adolescents, and a population-based sample of adolescent young women in the same Agincourt study site, this cohort of older adults in rural South Africa was much less likely to use condoms, and among women, more likely to report casual sex. 38, 39 Thus, older adults in South Africa are likely to differ in their exposure or response to HIV prevention messages.
The HIV prevalence estimates we observed in this study were higher than the estimates from previous studies of HIV prevalence in older adults in South Africa. The overall national HIV prevalence among adults aged 50 years and older was 6.4% in 2007-2008 40 and 7.6% in 2012. 41 The 2008 HIV prevalence among adults aged 50 years and older living in the Africa Centre surveillance site in rural KwaZuluNatal was 9.5%. 42 The 2010-2011 HIV prevalence among adults aged 50 years and older within the same Agincourt study site from which the HAALSI study population was drawn was 16.5%. 43 Our HIV prevalence estimate for this same age range was 19.7%, more than 10 percentage points higher than the national and Africa Centre estimates. The prevalence differences over time suggests that HIV prevalence in older adults is currently increasing, a phenomenon likely largely explained by the HIV-positive population living longer because of antiretroviral therapy. Consistent with our results, the previous South African studies of HIV prevalence in older adults showed decreasing HIV prevalence with increasing age and similar trends in both men and women. It is important to note that these findings were primarily observed in older populations in rural South Africa. Extending the generalizability of these findings to other older populations in sub-Saharan Africa should be a priority for future work.
We also found that sexual behavior profiles differed by HIV status. Notably, more condom use was observed among those who tested HIV-positive compared with HIV-negative, but the magnitude of the protective effect was much stronger among those who reported knowledge of their positive status. This finding points to the important influence that HIV testing and counseling may have in changing the behavior of HIVpositive older people to avoid HIV transmission to uninfected partners. However, the very low condom use among sexually active HIV-negative older adults (15%) highlights the potential for incident HIV infections to occur in this high prevalence setting. At the same time, recent casual sex and recent multiple partnerships were also more common among those who tested HIV positive. These findings provide preliminary evidence that the same types of sexual behaviors established as risk factors for HIV among adolescents and younger adults are also risk factors for the sexual transmission of HIV among older adults. [19] [20] [21] Further examination of whether the magnitudes and patterns of these risks may change in older age is warranted.
The associations we observe here generate hypotheses about causal relationships between HIV status and sexual behavior, but they cannot serve as a test of such hypotheses. For those who tested HIV-positive, the duration of infection is unknown-transmission may have occurred relatively recently for some, whereas infections may be much older in others. The sexual behaviors we evaluated were collected with reference to the most recent 2-year time period, although behaviors reported for this period could have been established much earlier and may be representative of behaviors that also occurred at younger ages. In theory, the association between HIV status and sexual behavior is bidirectional. Older adults may plausibly change their behavior in response to knowledge of their HIV status to avoid transmission to their partners or acquisition from their partners. Conversely, risky sexual behaviors among older people could lead to subsequent HIV infection. Data on the timing of the most recent HIV test among those who test positive suggest a range in the length of time participants have known about their positive status from relatively recent (less than 6 months) to relatively long (more than 1 year). The fact that we observe short lengths of positive status knowledge is compatible with the hypothesis that sexual behaviors influence HIV risk. The fact that we also observe longer lengths of positive status knowledge is compatible with the hypothesis that older people modify their behaviors in response to their HIV status. Future analyses of longitudinal data on sexual behavior and HIV status could provide insights into the relative contributions of each hypothesized association.
Many of the outcomes we present in this article were self-reported by the participants in face-to-face interviews and may thus have been subject to social desirability bias. Sensitive questions about personal sexual behaviors were likely underreported in this sample. Although we found that a large proportion of participants were willing to report on "undesirable" outcomes such as sexual activity, condom use, and casual sex, the prevalence values we report may underestimate the true values of these sexual behaviors. 44 Likewise, HIV status is also a sensitive outcome to self-report and those who tested HIV-positive but reported a negative or unknown status may have, in fact, known they were positive, or avoided previous HIV testing because of suspicions about being HIV-positive. It is thus possible that the true prevalence of HIV infection by self-report among those with laboratoryconfirmed HIV-positive status is higher than we observed. However, the laboratory-identified infections among those who tested are objective measures and not subject to the same biases as self-reported status.
Our findings add to the growing body of evidence suggesting older adults urgently require HIV interventions that are tailored to their particular prevention needs. Among HIV-positive older adults, "positive prevention" campaigns with intensified counseling and motivation about sexual transmission risks should be considered, 45, 46 with attention to HIV-related stigma that may be experienced by older adults. 47, 48 Specific programs ensuring universal HIV testing, rapid linkage of HIV-positive people to care, and supported HIV treatment retention and adherence should also be considered. 17, 49 Among HIV-negative older adults, it will be important to consider how established interventions, such as medical male circumcision 50 and condom promotion, and novel interventions, such as preexposure prophylaxis, 18 can be designed and delivered in ways that best meet the needs of older adults. 46, 49 In general, it is likely that to reach older adults with HIV prevention messages, interventions will need to explore disseminating messages through different channels than have been successfully used for younger age groups (ie, social media and social venues). Older adults may also face different physical and cognitive barriers to interventions access than found in younger populations. HIV intervention research is urgently required to intensify and improve HIV prevention in the important but neglected vulnerable group of older adults.
